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DESCRIPTION 

COMMUNICATION DEVICE AND COMMUNICATION METHOD 

5 Technical Field 

The present invention relates to a communication 
apparatus and a communication method for use in a communication 
system using MIMO (Multiple-Input Multiple-Output) . 

10 Background Art 

In recent years, MIMO (Multiple-Input Multiple-Output) 
has been drawing attention as a system that utilizes a limited 
frequency band efficiently and implements high-speed j 
transmission. 

15 MIMO is a system that uses array antennas for both 

transmission and reception, and transmits and receives 
independent signals simultaneously in the same band by a 
plurality of eigenvectors. By using this MIMO, it is possible 
to achieve transmission capacity increase without expanding 

20 a frequency band. 

The conventional communication system using MIMO forms i 
a predetermined directivity by array antennas on a transmission J 
side, transmit signals from the antennas, perform eigenvalue 1 
calculation on a reception side, calculate an eigenvector, find J 

25 effective channel quality such as SNR (Signal to Noise Ratio) , 
feed back these information to the transmission side, update 
the directivity on the transmission side based on the fed back 
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eigenvector, and adaptively control a coding rate based on the 
quality information, thereby optimizing communication channel 
capacity. 

However, in the conventional communication systems using 
5 MIMO, the number of transmission streams is fixed. Therefore, 
when the actual number of eigenvalues is smaller than the 
transmission channel matrix size in the environment where no 
obstacle exists between communication apparatuses, streams are 
transmitted using a path from which only quality almost equal 
10 to noise is obtained, and performance degradation by extracting 
the streams is unpreventable . 

Disclosure of Invention 

It is therefore an object of the present invention to 
15 provide a communication apparatus and a communication method 
whereby, in a communication system using MIMO, streams are not 
transmitted using a path from which only quality substantially 
equal to noise is obtained, and performance improvement can 
be achieved. 

20 This object is achieved by adaptively controlling the 

number of transmission streams based on the number of effective 
eigenvalues, that is, the number of eigenvalues greater than 
a predetermined threshold. 

25 Brief Description of Drawings 

FIG.l is a view showing an example of a communication 
system using MIMO; 
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FIG. 2 is a block diagram showing a configuration of a 
transmission side communication apparatus according to 
Embodiment 1 of the present invention; 

FIG. 3 is a block diagram showing a configuration of a 
5 reception side communication apparatus according to Embodiment 

1 of the present invention; 

FIG. 4 is a sequence diagram showing control procedures 
between a transmission side communication apparatus and a 
reception side communication apparatus according to Embodiment 
10 1 of the present invention; 

FIG. 5 is a table showing the relationship among 
eigenvalues, M-ary numbers and coding rates; 

FIG. 6 is a block diagram. showing a configuration of a 
transmission side communication apparatus according to 
15 Embodiment 2 of the present invention; 

FIG. 7 is a table showing the relationship between the 
number of effective eigenvalues and space-time coding method; 
and 

FIG. 8 is a block diagram showing a configuration of a 
20 reception side communication apparatus according to Embodiment 

2 of the present invention. 

Best Mode for Carrying Out the Invention 

Now, embodiments of the present invention will be 
25 described below in detail using the accompanying drawings. In 
each embodiment, as shown in the communication system in FIG.l, 
a case will be described where data is transmitted and received 
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by a plurality of directional beams between transmission side 
communication apparatus 100 and reception side communication 
apparatus 200 both provided with array antennas. 

5 (Embodiment 1) 

FIG. 2 is a block diagram showing a configuration of 
transmission side communication apparatus 100 according to 
Embodiment 1 of the present invention. 

Communication apparatus 100 is mainly configured with: 

10 antenna elements 101-1 to 101-m; reception RF sections 102-1 
to 102-m; space-time coding section 103; demodulation sections 
104-1 to 104-n; feedback information separation section 105; 
number of multiplex sequences control section 151; coding and 
modulation scheme control section 152; coding sections 153-1 

15 to 153-n; modulation sections 154-1 to 154-n; transmission RF 
sections 155-1 to 155-m (where m and n are integer numbers greater 
than or equal to 2) . 

A plurality of antenna elements 101-1 to 101-m form an 
adaptive array antenna, receive signals transmitted from 

20 reception side communication apparatus 2 00, output the signals 
to corresponding reception RF sections 102-1 to 102-m, and 
transmit the signals output from corresponding transmission 
RF sections 155-1 to 155-m to reception side communication 
apparatus 200 by radio. 

25 Reception RF sections 102-1 to 102-m perform radio 

processing such as amplification and down-conversion on the 
signals received by the corresponding antenna elements 101-1 
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to 101-m, and output the result to space-time coding section 
103. 

Space-time coding section 103 combines the signals 
output from reception RF sections 102-1 to 102-m using a 
5 predetermined space-time coding method or eigenvector from 
feedback information separation section 105, and outputs the 
result to demodulation sections 104-1 to 104-n. In addition, 
space-time coding section 103 divides the signals output from 
modulation sections 154-1 to 154-n into the number of antenna 

10 elements m, performs complex multiplication processing on the 
signals using the predetermined space-time coding method or 
the eigenvector output from feedback information separation 
section 105, and outputs these signals to transmission RF 
sections 155-1 to 155-m. As space-time coding, for example, 

15 MSSTC (Multi-stratum Space-Time Codes) coding, VBLAST 
(Vertical Bell Labs Layered Space Time) transmission, STBC 
(Space Time Block Codes) coding are known. 

Demodulation sections 104-1 to 104-n demodulate the 
signals output from space-time coding section 103 and received 

20 by a predetermined space-time coding method and eigenvector, 
and output the coded data to feedback information separation 
section 105 . 

Feedback information separation section 105 performs 
decoding processing on the signals output from demodulation 
25 sections 104-1 to 104-n, extracts information indicating an 
eigenvector, the number of effective eigenvalues and 
eigenvalues from feedback information contained in the decoded 
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data, and outputs the information indicating the eigenvector 
to space-time coding section 103, the information indicating 
the number of effective eigenvalues to number of multiplex 
sequences control section 151, and information indicating the 
5 eigenvalues to coding and modulation scheme control section 
152. Here, an effective eigenvalue refers to an eigenvalue 
greater than a predetermined threshold among the eigenvalues 
calculated in reception side communication apparatus 200. 

Number of multiplex sequences control section 151 

10 determines the number of transmission data multiplex sequences 
(the number of transmission streams) based on the number of 
effective eigenvalues from feedback information separation 
section 105, performs serial/parallel conversion on a sequence 
of transmission data into the determined number of sequences, 

15 and outputs the converted transmission data to coding sections 
153-1 to 153-n. Specifically, number of multiplex sequences 
control section 151 increases the number of transmission data 
multiplex sequences as the number of effective eigenvalues 
increases . 

20 Coding and modulation scheme control section 152 

determines the coding rate and modulation scheme based on the 
eigenvalues from feedback information separation section 105, 
and indicates the determined coding rate to coding sections 
153-1 to 153-n and the determinedmodulation scheme tomodulation 

25 sections 154-1 to 154-n. Specifically, coding and modulation 
scheme control section 152 increases the coding rate and the 
M-ary number as the eigenvalues become greater. 
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Coding sections 153-1 to 153-n perform coding on the 
transmission data at the coding. rate indicated by coding and 
modulation scheme control section 152 , and output the coded 
data to the corresponding modulation sections 154-1 to 154-n. 
5 Modulation sections 154-1 to 154-n modulate the coded 

data output from the corresponding coding sections 153-1 to 
153-n per eigenvector, and output the modulated signals to 
space-time coding section 103. 

Transmission RF sections 155-1 to 155-m perform radio 
10 processing such as amplification and up-conversion on the 
signals output from space-time coding section 103, and output 
the results tothe corresponding antenna elements 101-1 to 101-m. 

The above is an explanation of the configuration of 
transmission side communication apparatus 100 according to 
15 Embodiment 1 . 

FIG. 3 is a block diagram showing a configuration of 
reception side apparatus 2 00 according to Embodiment 1 of the 
present invention . 

Communication apparatus 200 is mainly configured with: 
20 antenna elements 201-1 to 201-m; reception RF sections 202-1 
to 202-m; eigenvalue expansion section 203; space-time coding 
section 204; demodulation sections 205-1 to 205-n; decoding 
section 206; number of effective eigenvalues determination 
section 251; feedback information generation section 252; 
25 modulation sections 2 53-1 to 25 3-h; and transmission RF sections 
254-1 to 254-m. 

A plurality of antenna elements 201-1 to 201-m form an 
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adaptive array antenna, receive signals transmitted from 
transmission side communication apparatus 100, output the 
signals to corresponding reception RF sections 202-1 to 202-m, 
and transmit the signals output from corresponding transmission 
5 RF sections 254-1 to 254-m to transmission side communication 
apparatus 100 by radio. 

Reception RF sections 202-1 to 202-m perform radio 
processing such as amplification and down-conversion on the 
signals received by the corresponding antenna elements 201-1 

10 to 201-m, and output baseband signals to eigenvalue expansion 
section 203 and space-time coding section 204. 

Eigenvalue expansion section 203 calculates an input 
signal eigenvalue and eigenvector in a correlation matrix or 
a covariance matrix based on the signals output from reception 

15 RF sections 202-1 to 202-m, and outputs the eigenvalues to number 
of effective eigenvalues determination section 251 and feedback 
information generation section 252, and the eigenvectors to 
space-time coding section 204 and feedback information 
generation section 252. 

20 Space-time coding section 204 combines the signals 

output from reception RF sections 202-1 to 202-m using a 
predetermined space-time coding method or an eigenvector output 
from eigenvalue expansion section 203, and outputs the results 
to demodulation sections 205-1 to 205-n. In addition, 

25 space-time coding section 204 performs combination according 
to the number of multiplex sequences indicated by control 
information contained in the received signals. Also, 
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space-time coding section 204 divides the signals output from 
modulation sections 253-1 to 253-n into the number of antenna 
elements m, performs complex multiplication processing on the 
signals using a predetermined space-time coding method or 
5 eigenvector, and outputs these signals to transmission RF 
sections 254-1 to 254-m. 

Demodulation sections 205-1 to 205-n demodulate the 
signals output f romspace-time coding section 204 by amodulation 
scheme indicated by control information contained in the 

10 received signals, and output the coded data obtained by 
demodulation to decoding section 206. 

Decoding section 206 decodes the coded data output in 
parallel from demodulation sections 205-1 to 205-n at the coding 
rate indicated by the control information contained in the 

15 received signals, and extracts a sequence of received data by 
performing a serial/parallel conversion based on the number 
of multiplex sequences indicated by the control information 
contained in the received signals. 

Number of effective eigenvalues determination section 

20 251 compares each eigenvalue output from eigenvalue expansion 
section 2 03 to a predetermined threshold, and outputs the number 
of eigenvalues greater than the predetermined threshold (the 
number of effective eigenvalues), to feedback information 
generation section 252. 

25 Feedback information generation section 252 finds 

effective channel quality based on the eigenvalues output from 
eigenvalue expansion section 203, generates feedback 
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information indicating the eigenvalue from number of effective 
eigenvalues determination section 251 , and outputs the 
information to modulation sections 253-1 to 253-m. 

Modulation sections 253-1 to 253-n modulate, per 
5 eigenvalue, the coded data including the feedback information 
output from feedback information generation section 252, and 
output the modulated signals to space-time coding section 204. 

Transmission RF sections 254-1 to 254-m perform radio 
processing such as amplification and up-conversion on the 
10 signals output from space-time coding section 204, and output 
the results to the corresponding antenna elements 201-1 to201-m. 

The above is an explanation of the configuration of 
reception side communication apparatus 200 according to 
Embodiment 1 . 

15 Next, the control procedures between transmission side 

communication apparatus 100 and reception side communication 
apparatus 200 will be described using the sequence diagram of 
FIG. 4 . 

First, transmission side communication apparatus 100 
20 forms a predetermined directivity by array antennas, and 
transmits signals from the antennas to reception side 
communication apparatus 200 (S401) . 

Next, reception side communication apparatus 200 
performs eigenvalue calculation using the received signals, 
25 calculates eigenvalues and eigenvectors (S402) , and the number 
of effective eigenvalues (S403) , generates feedback 
information including the eigenvalue, the eigenvector and the 
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number of effective eigenvalues (S404) / and transmits the 
feedback information to transmission side communication 
apparatus 100 (S405) . 

Transmission side communication apparatus 100 then 
5 updates the directivity based on the eigenvectors, adaptively 
controls the coding rate and the modulation scheme based on 
the eigenvalues, controls the number of multiplex sequences 
based on the number of effective eigenvalues (S406) , and 
transmits the signals, in which these control information and 

10 the transmission data are combined, from the antennas to 
reception side communication apparatus 200 (S407) . 

Reception side communication section 2 00 then performs 
eigenvalue calculation using the received signals, calculates 
eigenvalues and eigenvectors (S408) , and performs demodulation 

15 and decoding processing based on the eigenvalues transmitted 
to transmission side communication apparatus 100 and the 
indicated control information (S409) . 

After that, steps S403 to S409 are repeated. 

In this way, according to this embodiment, in the 

20 communication system using MIMO, by adaptively controlling the 
number of transmission streams based on the number of effective 
eigenvalues, that is, the number of eigenvalues greater than 
the predetermined threshold, even when the actual number of 
eigenvalues is smaller than a transmission channel matrix size, 

25 streams are not transmitted using a path from which only quality 
substantially equal to noise is obtained, and thus performance 
improvement can be achieved. 
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In addition, in this embodiment, by providing a table 
shown in FIG . 5 showing the relationships among the eigenvalues , 
M-ary numbers and coding rates, and transmitting feedback 
information including case numbers (1 to K) corresponding to 
5 the eigenvalues instead of the eigenvalues by reception side 
communication apparatus 200, it is possible to reduce the number 
of bits in the feedback information . In this case, transmission 
side communication apparatus 100 transmits a signal in the M-ary 
number and at the coding rate corresponding to the case number. 

10 

(Embodiment 2) 

Hitherto known typical space-time coding methods have 
unique merits and demerits. Specifically, STBC coding has a 
great diversity effect and a little spatial multiplex effect, 

15 and is unsuitable for high-speed transmission. On the contrary, 
although VBLAST transmission has great spatial multiplex effect 
and is suitable for high-speed transmission, it has little 
diversity effect. MSSTC coding is intermediate between STBC 
coding and VBLAST transmission, and can obtainboth the diversity 

20 effect and spatial multiplex effect to a certain degree. When 
a propagation environment is good, by increasing spatial 
multiplex effect, and when a propagation environment is poor, 
by increasing diversity effect , it is possible to improve overall 
system throughput. 

25 Also, the spatial multiplex effect is considered to be 

proportional to the number of effective eigenvalues. 
Accordingly, in Embodiment 2, a case in which the space-time 
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coding method is controlled based on the number of effective 
eigenvalues will be explained. 

FIG . 6 is a block diagram showing a configuration of a 
transmission side communication apparatus according to 
5 Embodiment 2 of the present invention. In transmission side 
communication apparatus 600 in FIG. 6, component parts that are 
common with transmission side communication apparatus 100 in 
FIG. 2. are assigned the same codes as in base station apparatus 
100, and their descriptions will be omitted. 

10 Compared to transmission side communication apparatus 

100 in FIG. 2, transmission side communication apparatus 600 
shown in FIG. 6 adopts a configuration in which space-time coding 
method control section 601 is added. 

Feedback information separation section 105 outputs 

15 information indicating an eigenvector to space-time coding 
section 103, information indicating the number of effective 
eigenvalues to number of multiplex sequences control section 
151 and space-time coding method control section 601, and 
information indicating eigenvalues to coding and modulation 

20 scheme control section 152. 

Space-time coding method control section 601 has a table 
shown in FIG. 7, determines a space-time coding method based 
on the number of effective eigenvalues, and indicates the 
determined space-time coding method to space-time coding 

25 section 103. 

Space-time coding section 103 combines the signals 
output from reception RF sections 102-1 to 102-m by the 
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space-time coding method indicated from space-time coding 
method control section 601, and outputs the result to 
demodulation sections 104-1 to 104-n. In addition, space-time 
coding section 103 divides the signals output from modulation 
5 sections 154-1 to 154-n into the number of antenna elements 
m, performs complex multiplication processing on the signals 
by the space-time codingmethod indicated from space-time coding 
method control section 601, and outputs these signals to 
transmission RF sections 155-1 to 155-m. 

10 FIG. 8 is a block diagram showing a configuration of the 

reception side communication apparatus according to Embodiment 
2 of the present invention. In reception side communication 
apparatus 8 00 shown in FIG. 8, component parts that are common 
with reception side communication apparatus 2 00 in FIG. 3 are 

15 assigned to the same codes as in FIG. 3, and their explanations 
will be omitted . 

Compared to reception side communication apparatus 200 
in FIG. 3, reception side apparatus 800 shown in FIG. 8 adopts 
a configuration in which space-time coding method control 

20 section 801 is added. 

Number of effective eigenvalues determination section 
251 outputs the number of effective eigenvalues to feedback 
information generation section 252 and space-time coding method 
control section 801. 

25 Space-time coding control section 801 has a table shown 

in FIG. 7, determines a space-time coding method based on the 
number of the effective eigenvalues, and indicates the 
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determined space-time coding method to space-time coding 
section 204. 

Space-time coding section 204 combines the signals 
output from reception RF sections 202-1 to 202-m using the 
5 space-time coding method indicated by the control information 
contained in the received signals, and outputs the results to 
demodulation sections 205-1 to 205-n. 

In addition, space-time coding section 204 divides the 
signals output from modulation sections 253-1 to 253-n into 

10 the number of antenna elements m, performs complex 
multiplication processing on the signals by the space-time 
coding method indicated by space-time coding method control 
section 801, and outputs these signals to transmission RF 
sections 254-1 to 254 -m. 

15 In this way, according to this embodiment, by adaptively 

controlling a space-time coding method based on the number of 
effective eigenvalues in a communication system using MIMO, 
spatial multiplex effect can be increased when the propagation 
environment is good, and diversity effect can be increased when 

20 the propagation environment is poor, so that it is possible 
to improve the overall system throughput. 

As is obvious from the above description, in a 
communication system using MIMO, by adaptively controlling the 
number of transmission streams based on the number of effective 

25 eigenvalues, the present invention can improve performance. 
Furthermore, by adaptively controlling a space-time coding 
method based on the number of effective eigenvalues, it is 
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possible to improve the overall system throughput. 

In the above-mentioned embodiments, although a case is 
described where a coding rate and a modulation scheme are 
adaptively controlled based on the eigenvalue, the present 
invention is not limited to this, and is applicable to a 
communication system where a coding rate or a modulation scheme 
is fixed. 

Industrial Applicability 

The present invention is suitable for use in a 
communication apparatus used in a communication system using 
MIMO. 



